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Abstract
Little information is available on the mechanism of diastolic left ventricular (LV) dysfunction
in patients with chronic respiratory disease complicated by hypoxia. The purpose of this study
was to investigate how chronic hypoxia impairs LV diastolic function in an hypoxic animal model.
Thirty-six male Wistar rats 8 weeks old were assigned to normoxia (N), chronic hypoxia (CH),
and re-normoxia (RN) groups, 12 rats per group. The N group rats were kept in ambient air for
8 weeks, while the CH group was kept hypoxic for 8 weeks. After 8 weeks of hypoxia the RN
group rats were kept for a further 8 weeks in ambient air. LV systolic and diastolic functions, as
well as right ventricular (RV) function, were analyzed using Doppler echocardiography;we also
measured the hematocrit, and weighed the LV and RV. Hematocrit, RV weight/body weight, and
RV weight/LV weight were higher in the CH group than in the other 2 groups. However, most
of these parameters returned to normoxia levels after re-normoxia. In the CH group, LV dimen-
sion and area were smaller than in the other 2 groups. LV systolic function was preserved in all
groups;however, in the CH group, mitral ﬂow showed a restrictive pattern, while pulmonary ﬂow
demonstrated a pulmonary hypertensive pattern with prolonged RV ejection time. In conclusion,
chronic hypoxia induced pulmonary hypertension and RV hypertrophy. Although LV systolic
function was preserved, diastolic function was impaired in hypoxia. Ventricular interaction may
impair LV diastolic function.
KEYWORDS: chronic hypoxia, left ventricular diastolic function, pulmonary hypertension, right
ventricular hypertrophy, ventricular interactionDoppler Echocardiographic Assessment of Left Ventricular 
Diastolic Function in Chronic Hypoxic Rats
"UTVTIJ*UPIa )JEFTIJ5PNJUBb BOE4IVOKJ4BOPa＊
a┈┩┴┥┶┸┱┩┲┸ⓤ┳┪ⓤ┇┥┶┨┭┳┺┥┷┧┹┰┥┶ⓤ┗┹┶┫┩┶┽⓰ ⓤ┓┯┥┽┥┱┥ⓤ┙┲┭┺┩┶┷┭┸┽ⓤ┋┶┥┨┹┥┸┩ⓤ┗┧┬┳┳┰ⓤ┳┪ⓤ┑┩┨┭┧┭┲┩⓰ⓤ
┈┩┲┸┭┷┸┶┽ⓤ┥┲┨ⓤ└┬┥┶┱┥┧┩┹┸┭┧┥┰ⓤ┗┧┭┩┲┧┩┷⓰ ⓤ┓┯┥┽┥┱┥ⓤ⓻⓴⓴ƃ⓼⓹⓹⓼⓰ ⓤ┎┥┴┥┲⓰ ⓤ┥┲┨ⓤ
b┈┩┴┥┶┸┱┩┲┸ⓤ┳┪ⓤ┇┥┶┨┭┳┺┥┷┧┹┰┥┶ⓤ┇┩┲┸┩┶⓰ ⓤ┗┬┳┻┥ⓤ┙┲┭┺┩┶┷┭┸┽ⓤ┒┳┶┸┬┩┶┲ⓤ┝┳┯┳┬┥┱┥ⓤ┌┳┷┴┭┸┥┰⓰ⓤ
┝┳┯┳┬┥┱┥ⓤ⓶⓶⓸ƃ⓼⓹⓴⓷⓰ ⓤ┎┥┴┥┲
-JUUMFJOGPSNBUJPOJTBWBJMBCMFPOUIFNFDIBOJTNPGEJBTUPMJDMFGUWFOUSJDVMBS	-7
EZTGVODUJPOJO
QBUJFOUTXJUIDISPOJDSFTQJSBUPSZEJTFBTFDPNQMJDBUFECZIZQPYJB 5IFQVSQPTFPGUIJTTUVEZXBTUP
JOWFTUJHBUFIPXDISPOJDIZQPYJBJNQBJST-7EJBTUPMJDGVODUJPOJOBOIZQPYJDBOJNBMNPEFM 5IJSUZTJY
NBMF8JTUBSSBUTXFFLTPMEXFSFBTTJHOFEUPOPSNPYJB	/
 DISPOJDIZQPYJB	$)
 BOESFOPSNPYJB
	3/
HSPVQT SBUTQFSHSPVQ 5IF/HSPVQSBUTXFSFLFQUJOBNCJFOUBJSGPSXFFLT XIJMFUIF$)
HSPVQXBTLFQUIZQPYJDGPSXFFLT "GUFSXFFLTPGIZQPYJBUIF3/HSPVQSBUTXFSFLFQUGPSB
GVSUIFSXFFLTJOBNCJFOUBJS -7TZTUPMJDBOEEJBTUPMJDGVODUJPOT BTXFMMBTSJHIUWFOUSJDVMBS	37

GVODUJPO XFSFBOBMZ[FEVTJOH%PQQMFSFDIPDBSEJPHSBQIZ XFBMTPNFBTVSFEUIFIFNBUPDSJU BOE
XFJHIFEUIF-7BOE37 )FNBUPDSJU 37XFJHIUCPEZXFJHIU BOE37XFJHIU-7XFJHIUXFSF
IJHIFSJOUIF$)HSPVQUIBOJOUIFPUIFSHSPVQT )PXFWFS NPTUPGUIFTFQBSBNFUFSTSFUVSOFEUP
OPSNPYJBMFWFMTBGUFSSFOPSNPYJB *OUIF$)HSPVQ -7EJNFOTJPOBOEBSFBXFSFTNBMMFSUIBOJOUIF
PUIFSHSPVQT -7TZTUPMJDGVODUJPOXBTQSFTFSWFEJOBMMHSPVQT IPXFWFS JOUIF$)HSPVQ NJUSBM
qPXTIPXFEBSFTUSJDUJWFQBUUFSO XIJMFQVMNPOBSZqPXEFNPOTUSBUFEBQVMNPOBSZIZQFSUFOTJWFQBU
UFSOXJUIQSPMPOHFE37FKFDUJPOUJNF *ODPODMVTJPO DISPOJDIZQPYJBJOEVDFEQVMNPOBSZIZQFSUFOTJPO
BOE37IZQFSUSPQIZ "MUIPVHI-7TZTUPMJDGVODUJPOXBTQSFTFSWFE EJBTUPMJDGVODUJPOXBTJNQBJSFEJO
IZQPYJB 7FOUSJDVMBSJOUFSBDUJPONBZJNQBJS-7EJBTUPMJDGVODUJPO
,FZXPSET DISPOJDIZQPYJB MFGUWFOUSJDVMBSEJBTUPMJDGVODUJPO QVMNPOBSZIZQFSUFOTJPO SJHIUWFOUSJDVMBS
IZQFSUSPQIZ WFOUSJDVMBSJOUFSBDUJPO
FGUWFOUSJDVMBS	-7
EJBTUPMJDEZTGVODUJPOPDDB
TJPOBMMZDPNQMJDBUFTDISPOJDSFTQJSBUPSZEJTFBTF
BTTPDJBUFEXJUIIZQPYJB TVDIBTDISPOJDPCTUSVDUJWF
QVMNPOBSZEJTFBTF	$01%
< > QVMNPOBSZBSUFSJBM
IZQFSUFOTJPO <ƃ>  PCTUSVDUJWF TMFFQ BQOFB <> 
DISPOJD UISPNCPFNCPMJD QVMNPOBSZ IZQFSUFOTJPO
	$5&1)
 <ƃ>  BOE TZTUFNJD TDMFSPTJT <> 
3JHIUWFOUSJDVMBS	37
EJMBUBUJPOBOEPS37IZQFSUSP
QIZ  SFTVMUJOH GSPN QVMNPOBSZ IZQFSUFOTJPO 	1)

TFDPOEBSZ UP IZQPYJD QVMNPOBSZ WBTPDPOTUSJDUJPO
<> NBZEJTUPSUUIF-7BOEJNQBJSJUTGVODUJPO 
5IJTWFOUSJDVMBSJOUFSBDUJPOIBTCFFOXFMMEFTDSJCFE
<>BOECFFOTIPXOUPSFTVMUJOJNQBJSFE-7EJB
TUPMJDGVODUJPO
　 )PXFWFS JOBDUVBMDMJOJDBMTJUVBUJPOT TVDIDISPOJD
SFTQJSBUPSZEJTFBTFJTQSFWBMFOUJOUIFFMEFSMZ BOE
-
"DUB.FE 0LBZBNB 2009
7PM 63 /P 2 QQ 87ƃ96
$PQZSJHIU⡥CZ0LBZBNB6OJWFSTJUZ.FEJDBM4DIPPM
┓┶┭┫┭┲┥┰ⓤ┅┶┸┭┧┰┩ IUUQ  FTDIPMBSTIJQMJCPLBZBNBVBDKQBNP
3FDFJWFE0DUPCFS BDDFQUFE%FDFNCFS

ˎ$PSSFTQPOEJOHBVUIPS1IPOF  ʴƃƃƃ 'BY  ʴƃƃƃ
&NBJM  T@TBOP!DDPLBZBNBVBDKQ	44BOP

1
Itoh et al.: Doppler echocardiographic assessment of left ventricular diastoli
Produced by The Berkeley Electronic Press, 2009PGUFO DPFYJTUT XJUI TZTUFNJD IZQFSUFOTJPO BOEPS
DPSPOBSZBSUFSZEJTFBTFXIJDINBZBMTPJNQBJS-7
GVODUJPO $POTFRVFOUMZ JUJTPDDBTJPOBMMZEJ⒏DVMUUP
EFUFSNJOFUIFNBKPSDVMQSJUJOQBUJFOUTXJUI-7EZT
GVODUJPO
　 5IFQVSQPTFPGUIJTTUVEZXBTUPJOWFTUJHBUFUIF
IFNPEZOBNJDF⒎FDUTPGDISPOJDIZQPYJBQBSUJDVMBSMZPO
-7EJBTUPMJDGVODUJPOVTJOH%PQQMFSFDIPDBSEJPHSBQIZ
JOBOBOJNBMNPEFMʕUIFDISPOJDIZQPYJDSBUEFWFMPQFE
CZ /BLBOJTIJ ┩┸ⓤ ┥┰  JO PVS MBCPSBUPSZ <>  5IJT
NPEFMIBTJNQPSUBOUBEWBOUBHFTJOUIBUOPTVSHJDBM
NBOJQVMBUJPOJTSFRVJSFE BOEBVOJGPSNNPEFMDBOCF
DSFBUFEFBTJMZBOESFMJBCMZ 8JUIUIJTNPEFM XFDBO
BOBMZ[FUIFIFNPEZOBNJDF⒎FDUTPGDISPOJDIZQPYJB
JTPMBUFE GSPN PUIFS JOqVFODJOH GBDUPST  8F VTFE
%PQQMFSFDIPDBSEJPHSBQIZUPFWBMVBUFBOBUPNJDBMBOE
IFNPEZOBNJD DIBOHFT GPMMPXJOH DISPOJD IZQPYJB 
%PQQMFSFDIPDBSEJPHSBQIZJTBXFMMFTUBCMJTIFENFBOT
PGBOBMZ[JOHOPUPOMZ-7TZTUPMJD<>CVUBMTPEJB
TUPMJDGVODUJPO<ƃ> XIJMFBGFXQBSBNFUFSTPG37
GVODUJPODBOCFEFSJWFEGSPNQVMNPOBSZCMPPEqPX
QBUUFSOT <>  'VSUIFSNPSF  XF CFMJFWF JU JT BO
PQUJNVNBQQSPBDIUPBTTFTTJOHWFOUSJDVMBSJOUFSBDUJPO
JOUIFCFBUJOHIFBSU
.BUFSJBMTBOE.FUIPET
　 ┅┲┭┱┥┰┷⓲ 5IJSUZTJY NBMF XFFLPME 8JTUBS
SBUT	$IBSMFT3JWFS+BQBO*OD :PLPIBNB +BQBO

XFJHIJOHUPHXFSFVTFE 5IFZXFSFUSFBUFE
JO DPNQMJBODF XJUI UIF “(VJEFMJOFT GPS "OJNBM
&YQFSJNFOUTBU0LBZBNB6OJWFSTJUZ.FEJDBM4DIPPM”
	PVSJOTUJUVUJPOBMHVJEFMJOFTBOEBQQSPWBM

　 ┉┼┴┩┶┭┱┩┲┸┥┰ⓤ ┫┶┳┹┴┷⓲ 5IF SBUT XFSF SBO
EPNMZBMMPDBUFEUPPOFPGHSPVQT OPSNPYJB	DPOUSPM 
/
 DISPOJDIZQPYJB	$)
 BOESFOPSNPYJB	3/
 
SBUTQFSHSPVQ 5IF$)HSPVQXBTIPVTFEJOBOPS
NPCBSJDIZQPYJDDIBNCFSGPSXFFLT UIF/HSPVQ
XBTIPVTFEJOBNCJFOUBJSGPSUIFTBNFQFSJPE BOEUIF
3/HSPVQXBTLFQUJOUIFIZQPYJDDIBNCFSGPS
XFFLT BOETVCTFRVFOUMZIPVTFEJOBNCJFOUBJSGPS
BOPUIFSXFFLT
　 ┇┬┶┳┲┭┧ⓤ┬┽┴┳┼┭┧ⓤ┶┥┸ⓤ┱┳┨┩┰⓲ 3BUTXFSFLFQU
JOIZQPYJDDPOEJUJPOTBTQSFWJPVTMZEFTDSJCFECZPVS
MBCPSBUPSZ<> #SJFqZ UIFFOWJSPONFOUXJUIJOUIF
IZQPYJDDIBNCFSXBTDPOUJOVPVTMZNPOJUPSFEXJUIBO
PYZHFO BOBMZ[FS BOE JUT PYZHFO DPODFOUSBUJPO XBT
NBJOUBJOFEXJUIJOʶś $IBNCFSBJSXBTBOB
MZ[FEQFSJPEJDBMMZ BOEUIFJOTQJSFEDBSCPOEJPYJEF
GSBDUJPOXJUIJOUIFDIBNCFSXBTNBJOUBJOFEBUMFTT
UIBOśBUBMMUJNFT )VNJEJUZXJUIJOUIFIZQPYJD
DIBNCFSXBTNBJOUBJOFEBUMFTTUIBOś BOEUIF
UFNQFSBUVSFXBTLFQUCFUXFFOBOE$ "MMUIF
/ $)BOE3/SBUTXFSFLFQUJOUIFTBNFSPPNVOEFS
UIFTBNFMJHIUEBSLDZDMF 3BUDIPXBOEUBQXBUFS
XFSFQSPWJEFEBEMJCJUVN $)SBUTEJEOPUEFNPO
TUSBUFBOZSFTQJSBUPSZEJ⒏DVMUJFTXIJMFJOUIFIZQPYJD
DIBNCFS
　 ┉┧┬┳┧┥┶┨┭┳┫┶┥┴┬┽⓲ "GUFSUIFIZQPYJDPSOPS
NPYJDFYQPTVSFQFSJPE BMMSBUTXFSFXFJHIFEBOE
VOEFSXFOUUSBOTUIPSBDJD%PQQMFSFDIPDBSEJPHSBQIZJO
BIZQPYJDPSOPSNPYJDFOWJSPONFOU 1SFWJPVTSFQPSUT
IBWFDPOpSNFEUIFBDDVSBDZBOESFQSPEVDJCJMJUZPGUIJT
UFDIOJRVFGPSNFBTVSJOHDBSEJBDGVODUJPOJOSBUT<ƃ
> 8FVTFEUIJTNFUIPEGPSPVSTUVEZXJUITPNF
NPEJpDBUJPOT #SJFqZ SBUTXFSFBOFTUIFUJ[FEXJUI
LFUBNJOF)$M	NHLH 4BOLZP-JGFUFDI$P -UE 
5PLZP +BQBO
BOEYZMB[JOF	NHLH #BZFS.FEJDBM
-UE 5PLZP +BQBO
 CPUIHJWFOJOUSBQFSJUPOFBMMZ 
3BUTXFSFBMMPXFEUPCSFBUIFTQPOUBOFPVTMZEVSJOHUIF
FDIPDBSEJPHSBQIZ 5IFSBUʼTDIFTUXBTTIBWFE BOE
SBUTXFSFQMBDFEJOUIFTVQJOFPSMBUFSBMEFDVCJUVT
QPTJUJPOPOBXBSNJOHUBCMF "O&$(XBTPCUBJOFE
XJUITUBOEBSEMJNCFMFDUSPEFTBOEUIFIFBSUSBUFXBT
NPOJUPSFE DPOUJOVPVTMZ  "GUFS B MBZFS PG BDPVTUJD
DPVQMJOHHFMXBTBQQMJFEUPUIFUIPSBY UXPEJNFO
TJPOBM BOE .NPEF FDIPDBSEJPHSBNT XJUI %PQQMFS
XFSFPCUBJOFEVTJOHBDPNNFSDJBMMZBWBJMBCMFGVMMZ
EJHJUBM "-0," 1SP4PVOEⅡ44% VMUSBTPOP
HSBQIJDTZTUFN	"-0,"$P 5PLZP +BQBO
 XJUIB
.)[ MJOFBS BSSBZ USBOTEVDFS 	645
  5IF
TZTUFNTPGUXBSFXBTNPEJpFEUPBMMPXGPS)[
NBYJNBMGSBNFSBUFSFDPSEJOHTXJUIBOBSFBPGJOUFS
FTU ʻNN GSPN UIF TVSGBDF PG UIF USBOTEVD
FS DIBOHFTTQFDJpDBMMZEFTJHOFEGPSDBSEJBDVMUSB
TPOJDTUVEJFTJOSBUT 5IFIJHIGSFRVFODZUSBOTEVDFS
VTFEJOUIJTTUVEZFOTVSFEHPPEUSBOTUIPSBDJDJNBHFT
PGUIFCFBUJOHIFBSU *NBHFTXFSFPCUBJOFECZQMBDJOH
UIFUSBOTEVDFSEJSFDUMZPOUIFMFGUBOUFSJPSTJEFPGUIF
DIFTU BOEDBSFXBTUBLFOUPBWPJEFYDFTTJWFQSFTTVSF
POUIFUIPSBY XIJDIDBOJOEVDFTFWFSFCSBEZDBSEJB 
5IFUSBOTEVDFSXBTNBYJNBMMZBMJHOFEUPPQUJNJ[F
FOEPDBSEJBM WJTVBMJ[BUJPO BOE TQFDUSBM EJTQMBZT PG
%PQQMFSQSPpMFT "MMSFDPSEJOHTXFSFEJHJUBMMZUSBOT
GFSSFEUPBOPOMJOFDPNQVUFSBOEDBQUVSFECZF%.4
	EBUBBOBMZTJTTZTUFNCVJMUJOUPUIF64NBDIJOF
GPS
88 "DUB.FE 0LBZBNB　7PM 63 /P 2 *UPIFUBM
2
Acta Medica Okayama, Vol. 63 [2009], Iss. 2, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol63/iss2/3TVCTFRVFOUBOBMZTJT 5IFIFBSUXBTpSTUJNBHFEJO
UXPEJNFOTJPOBM NPEF VTJOH QBSBTUFSOBM TIPSUBYJT
WJFXTPGUIFMFGUWFOUSJDMF PODFUIFQBQJMMBSZNVTDMF
XBTXFMMWJTVBMJ[FE UIFUXPEJNFOTJPOBMBOE.NPEF
JNBHFTXFSFSFDPSEFE *OUIFUXPEJNFOTJPOBMNPEF 
NFBTVSFNFOUTPOUIFMFGUWFOUSJDVMBSTIPSUBYJTFOEP
DBSEJBMBSFBUSBDJOHTXFSFQFSGPSNFEPOMJOFBUFOE
EJBTUPMF	UIFUJNFPGBQQBSFOUNBYJNBMDBWJUZEJNFO
TJPO
BOEFOETZTUPMF	UIFUJNFPGNBYJNVNBOUFSJPS
NPUJPOPGUIFQPTUFSJPSXBMM
QIBTFVTJOHUIFDJOFMPPQ
GFBUVSFUPPCUBJOBEFRVBUFWJTVBMJ[BUJPOPGUIFGBTU
CFBUJOHIFBSUT SFUSPTQFDUJWFMZ 5IFUSBDJOHTXFSF
BOBMZ[FECZBTJOHMFFYQFSJFODFEUFDIOJDBMTPOPHSB
QIFS	5:
XIPIBEOPLOPXMFEHFPGUIFTUVEZHSPVQ 
.NPEFUSBDJOHTXFSFSFDPSEFEBUUIFTBNFMFWFM BOE
BOUFSJPSBOEQPTUFSJPSXBMMUIJDLOFTTFTBTXFMMBT-7
JOUFSOBMEJNFOTJPOTXFSFNFBTVSFE &OEEJBTUPMJDBOE
FOETZTUPMJD-7JOUFSOBMEJBNFUFSTXFSFNFBTVSFECZ
UIFMFBEJOHFEHFNFUIPEUPEFUFSNJOFUIFNBYJNBM-7
FOEEJBTUPMJDEJNFOTJPO	-7%E
BOENJOJNBM-7FOE
TZTUPMJDEJNFOTJPO	-7%T
BDDPSEJOHUPUIF"NFSJDBO
4PDJFUZPG&DIPDBSEJPHSBQIZ "TUIFMFBEJOHFEHFPG
UIFBOUFSJPSXBMMJTPGUFOEJ⒏DVMUUPJEFOUJGZ UIFJOOFS
FEHFPGUIJTXBMMXBTVTFE -7FKFDUJPOUJNFXBT
NFBTVSFEBTUIFUJNFGSPNFOEEJBTUPMFUPFOETZTUPMF 
"MMNFBTVSFNFOUTXFSFNBEFJOBCMJOEFENBOOFSBOE
BWFSBHFEPWFSDPOTFDVUJWFDBSEJBDDZDMFT BOEXFSF
NBEFUPBQSFDJTJPOPGNN (MPCBMMFGUWFOUSJDVMBS
TZTUPMJDGVODUJPOXBTBTTFTTFECZDBMDVMBUJOHUIFGSBD
UJPOBMTIPSUFOJOH	'4
 NFBOWFMPDJUZPGDJSDVNGFSFO
UJBM pCFS TIPSUFOJOH 	N7DG
  BOE GSBDUJPOBM BSFB
DIBOHF	'"$

　 5IF'4	ś
XBTDBMDVMBUFEBT<	-7%E-7%T

-7%E>ʷ
XIFSF-7%EJTUIF-7JOUFSOBMFOEEJBTUPMJDEJNFO
TJPOBOE-7%TJTUIF-7JOUFSOBMFOETZTUPMJDEJNFO
TJPO
　 5IFN7DGXBTDBMDVMBUFEBT'4-7&5
XIFSF-7&5JTUIF-7FKFDUJPOUJNF
　 5IF'"$	ś
XBTDBMDVMBUFEBT<	-7%B-74B

-7%B>ʷ
XIFSF-7%BJTUIF-7FOEEJBTUPMJDBSFBBOE-74B
JTUIF-7FOETZTUPMJDBSFB
　 5PDPSSFDUGPSEJ⒎FSFODFTJOCPEZBOEIFBSUTJ[FJO
/ $)BOE3/HSPVQT EBUBGPSFBDISBUXFSFOPS
NBMJ[FECZUJCJBMMFOHUI	5-
 7BSJBCMFTFYQSFTTFEBT
SBUJPT TVDIBT'4 N7DGBOE'"$ XFSFOPUOPS
NBMJ[FE 5PBTTFTTMFGUWFOUSJDVMBSEJBTUPMJDGVODUJPO 
UXPEJNFOTJPOBMMZHVJEFEQVMTFEXBWF%PQQMFSTQFDUSB
PGNJUSBMJOqPXXFSFSFDPSEFEGSPNBOBQJDBMGPVS
DIBNCFSWJFX XJUIUIFTBNQMFWPMVNFQMBDFEOFBSUIF
UJQTPGUIFNJUSBMMFBqFUTBOEQPTJUJPOFEXIFSFWFMPD
JUZXBTNBYJNBMBOEUIFqPXQBUUFSOXBTMBNJOBS
	'JH "
 5IFTBNQMFWPMVNFXBTBEKVTUFEUPUIF
TNBMMFTUTJ[FBWBJMBCMF	NN
 .FBTVSFNFOUTSFQSF
TFOUUIFNFBOTPGBUMFBTUDPOTFDVUJWFDBSEJBDDZDMFT 
BOEJODMVEFQFBLFBSMZpMMJOHWFMPDJUZ	&WFMPDJUZ
 MBUF
pMMJOHWFMPDJUZ	"WFMPDJUZ
 UIFJSSBUJP	&"
 BOEUIF
EFDFMFSBUJPOTMPQFPGUIFFBSMZpMMJOHXBWF	&%FDFMF
SBUJPO
 5PBTTFTT37GVODUJPO QVMTF%PQQMFSPGUIF
QVMNPOBSZPVUqPXXBTSFDPSEFEGSPNUIFQBSBTUFSOBM
WJFXBUUIFMFWFMPGUIFBPSUJDWBMWF	'JH #
 5IF
TBNQMFWPMVNFXBTQMBDFEQSPYJNBMUPUIFQVMNPOBSZ
WBMWFMFBqFUTBOEBMJHOFEUPNBYJNJ[FMBNJOBSqPX *O
89 -FGU7FOUSJDVMBS%ZTGVODUJPOJO$ISPOJD)ZQPYJD3BUT "QSJM2009
(SPVQ/ (SPVQ$) (SPVQ3/
&
&
&
"
"
#
"
"
'JH　 A &YBNQMFPGQVMTF%PQQMFSNJUSBMJOqPXQBUUFSOJOUIF
OPSNPYJDDPOUSPMSBU	MFGU
 UIFDISPOJDIZQPYJDSBU	NJEEMF
 BOE
UIFSFOPSNPYJDSBU	SJHIU
 $PNQBSFEXJUIUIFOPSNPYJDDPOUSPMSBU 
UIFNJUSBMJOqPXQBUUFSOJOUIFDISPOJDIZQPYJDSBUTIPXTJODSFBTFE
& WFMPDJUZ  SBQJE EFDFMFSBUJPO PG & XBWF  BOE EFDSFBTFE "
WFMPDJUZ B &YBNQMFPGQVMTF%PQQMFSQVMNPOBSZCMPPEQBUUFSOJO
UIFOPSNPYJDDPOUSPMSBU	MFGU
 JOUIFDISPOJDIZQPYJDSBU	NJEEMF
 
BOEJOUIFSFOPSNPYJDSBU	SJHIU
 $PNQBSFEXJUIUIFOPSNPYJD
DPOUSPMSBU UIFQVMNPOBSZCMPPEQBUUFSOGSPNUIFDISPOJDIZQPYJDSBU
TIPXT EFDSFBTFE QFBL qPX WFMPDJUZ  SBQJE "5  BOE QSPMPOHFE
37&5 /PUFUIFFBSMZOPUDIJOHJOUIFDISPOJDIZQPYJDSBU	NJE
TZTUPMJDEJQQBUUFSO

3
Itoh et al.: Doppler echocardiographic assessment of left ventricular diastoli
Produced by The Berkeley Electronic Press, 2009BEEJUJPO UP DIBSBDUFSJ[JOH UIF QVMNPOBSZ PVUqPX
%PQQMFSFOWFMPQF UIFBDDFMFSBUJPOUJNF	"5
 QFBL
QVMNPOBSZPVUqPXWFMPDJUZ	1FBLWFMPDJUZ
 BOE37
FKFDUJPOUJNF	37&5
XFSFNFBTVSFE "DDFMFSB UJPO
UJNFXBTNFBTVSFEGSPNUIFPOTFUPGTZTUPMJDqPXUP
QFBLQVMNPOBSZPVUqPXWFMPDJUZ 37FKFDUJPOUJNFXBT
NFBTVSFEGSPNUIFPOTFUPGTZTUPMJDQVMNPOBSZqPXUP
JUTDPNQMFUJPO
　 ┉┺┥┰┹┥┸┭┳┲ⓤ ┳┪ⓤ ┬┽┴┳┼┭┥⓲ 1FSJQIFSBM PYZHFO
TBUVSBUJPOXBTEFUFSNJOFEVTJOHUIFUBJMDV⒎NFUIPE
	5ZDPIFBMUIDBSF /
 EVSJOH FDIPDBSEJPHSBQIZ 
#MPPETBNQMFTUPNFBTVSFUIFIFNBUPDSJU	)DU
 BTB
NBSLFS PG QPMZDZUIFNJB GPMMPXJOH DISPOJD IZQPYJB 
XFSF DPMMFDUFE BGUFS FDIPDBSEJPHSBQIZ BMTP JO B
IZQPYJDPSOPSNPYJDFOWJSPONFOU %VQMJDBUFIFNBU
PDSJUTBNQMFTXFSFQSFQBSFEJONJDSPIFNBUPDSJUUVCFT
BOE)DUXBTEFUFSNJOFE
　 ┛┩┸ⓤ┦┳┨┽ⓤ┻┩┭┫┬┸ⓤ⓬┆┛⓭⓲ "GUFSUIFFDIPDBSEJP
HSBQIJDTUVEZ UIFSBUTXFSFLJMMFECZJOKFDUJOHBO
PWFSEPTFPGLFUBNJOFBOEYZMB[JOF 5IFUIPSBYXBT
PQFOFE UIFIFBSUXBTSFNPWFEBOEUIFBUSJBBOEHSFBU
WFTTFMTXFSFEJTTFDUFEGSFF 5IF37GSFFXBMMBOE-7
XBMM 	-7 GSFF XBMMʴWFOUSJDVMBS TFQUVN
 XFSF
XFJHIFE TFQBSBUFMZ  5IF SBUJPT PG 37 XBMM 	NJMMJ
HSBNT
#8	HSBNT
BOE37-7XFSFDBMDVMBUFE *O
UIFDISPOJDIZQPYJDSBUTUIFUJTTVFTXFSFFYDJTFEJOB
IZQPYJDFOWJSPONFOU
　 ┘┭┦┭┥┰ⓤ┰┩┲┫┸┬ⓤ⓬┘┐⓭⓲ "UUIFFOEPGUIFFYQFSJ
NFOU UIFSBUTʼSJHIUIJOEMFHTXFSFSFNPWFECZEJTBS
UJDVMBUJOHUIFGFNVSGSPNUIFBDFUBCVMVNBUUIFIJQ 
3BEJPHSBQIJDpMNTPGUIFUJCJBTXFSFUIFOPCUBJOFE 
BOEUIF5-PGFBDISBUXBTNFBTVSFEGSPNUIFSBEJP
HSBQIXJUIDBMJQFST
　 ┗┸┥┸┭┷┸┭┧┥┰ⓤ┥┲┥┰┽┷┭┷⓲ "MMEBUBBSFFYQSFTTFEBT
NFBOTʶTUBOEBSE EFWJBUJPOT  1BSBNFUFST BNPOH
HSPVQTXFSFDPNQBSFEXJUIBPOFXBZBOBMZTJTPGWBSJ
BODFXJUIPVUSFQMJDBUJPO 5IFQPTUIPDUFTUFNQMPZFE
'JTIFSʼTQSPUFDUFEMFBTUTJHOJpDBOUEJ⒎FSFODF	1-4%

UFTU VTJOH 4UBU7JFX  TPGUXBSF 	4"4 *OTUJUVUF 
$BSZ  /$  64"
  " ┴ WBMVF MFTT UIBO  XBT
SFHBSEFEBTTUBUJTUJDBMMZTJHOJpDBOU
90 "DUB.FE 0LBZBNB　7PM 63 /P 2 *UPIFUBM
100
95
90
85
80
75
70
4Q02	
 ˎ ˎ
ˎ ˎ
"
60
55
50
45
40
)DU	

#
ˎ ˎ
ˎ ˎ
ˎ ˎ
ˎ ˎ
ˎ ˎ
600
550
500
450
400
#8	H

$
ˎ
ˎ ˎ
5-	NN

%
47
46
45
44
43
42
41
37#8	NHH

&
12
1
8
6
4
2
ˎ ˎ
37-7
'
7
6
5
4
3
2
1
(SPVQ/ (SPVQ$) (SPVQ3/ (SPVQ/ (SPVQ$) (SPVQ3/ (SPVQ/ (SPVQ$) (SPVQ3/
'JH　 4Q02	A
 )DU	B
 #8	C
 5-	D
 37#8	E
 BOE37-7	F
JOFBDIHSPVQ 5IFCBSPGFBDIDPMVNOJOpHVSFTIPXT GSPN
CPUUPNUPUPQ UIF10UI 25UI 50UI 75UI BOE90UIQFSDFOUJMFPGFBDIHSPVQ 
ˎBOE
ˎ ˎJOpHVSFJOEJDBUF┴WBMVFPGʻ001BOEʻ005CZ
UIFQPTUIPDUFTU	'JTIFSʼT1-4%
 SFTQFDUJWFMZ
4
Acta Medica Okayama, Vol. 63 [2009], Iss. 2, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol63/iss2/33FTVMUT
　 ┈┩┱┳┫┶┥┴┬┭┧ⓤ┥┲┨ⓤ┰┥┦┳┶┥┸┳┶┽ⓤ┨┥┸┥⓲ *OUIF
$)HSPVQ 4Q0XBTTJHOJpDBOUMZMPXFS BOEUIF)DU
XBTIJHIFSUIBOJOUIFPUIFSHSPVQT XIJMFUIFSFXBT
OPTJHOJpDBOUEJ⒎FSFODFJOUIFIFBSUSBUF #8BOE5-
JOUIF3/HSPVQXFSFMBSHFSUIBOJOUIFPUIFS
HSPVQT XIJMFCPEZXFJHIUJOUIF$)HSPVQXBTMFTT
UIBOJOUIF/HSPVQ 37#8BOE37-7JOUIF$)
HSPVQXFSFMBSHFSUIBOJOUIFPUIFSHSPVQT XIJMFJO
UIF3/HSPVQUIFZXFSFTUJMMMBSHFSUIBOJOUIF/
HSPVQ 	5BCMF 'JH 

　 ┐┚ⓤ┫┩┳┱┩┸┶┽⓲ /PSNBMJ[FE-7%EBOE-7%B
GPSUIF$)HSPVQXFSFTJHOJpDBOUMZTNBMMFSUIBOGPS
UIFPUIFSHSPVQT XIJMFUIFSFXBTOPTJHOJpDBOU
EJ⒎FSFODFJOUIFTFQBSBNFUFSTCFUXFFOUIF/BOE3/
HSPVQT 	5BCMF 'JH 

　 ┐┚ⓤ┷┽┷┸┳┰┭┧ⓤ┪┹┲┧┸┭┳┲⓲ '4BOEN7DGJOUIF3/
HSPVQXFSFMBSHFSUIBOJOUIFPUIFSHSPVQT XIJMF
'"$JOUIF$)HSPVQXBTMBSHFSUIBOJOUIFPUIFS
HSPVQTBOEJOUIF3/HSPVQXBTTNBMMFSUIBOJOUIF
PUIFSHSPVQT )PXFWFS EJ⒎FSFODFTJOUIFTFQBSBN
FUFST XIJDIXFSFSFHBSEFEBTXFMMQSFTFSWFE XFSF
TNBMM	5BCMF 'JH 

　 ┐┚ⓤ ┨┭┥┷┸┳┰┭┧ⓤ ┪┹┲┧┸┭┳┲⓲ 1FBL WFMPDJUZ PG
NJUSBMJOqPX&XBWFJOUIF$)HSPVQXBTMBSHFS 
XIJMFUIF"XBWFXBTTNBMMFSUIBOJOUIFPUIFS
HSPVQT $POTFRVFOUMZ &"JOUIJTHSPVQXBTTUSJL
JOHMZMBSHFSUIBOJOUIFPUIFSHSPVQT &%FDFMFSB
UJPOXBTBMTPMBSHFSJOUIF$)HSPVQUIBOJOUIFPUIFS
91 -FGU7FOUSJDVMBS%ZTGVODUJPOJO$ISPOJD)ZQPYJD3BUT "QSJM2009
5BCMF　 %FNPHSBQIJDDIBSBDUFSJTUJDT MBCPSBUPSZEBUBBOE%PQQMFSFDIPDBSEJPHSBQIJDEBUB
(SPVQ/
	Oʹ12

(SPVQ$)
	Oʹ12

(SPVQ3/
	Oʹ12

┴
┈┩┱┳┫┶┥┴┬┭┧ⓤ┧┬┥┶┥┧┸┩┶┭┷┸┭┧┷
"HF	XFFLTPME
 16 16 24
4Q02	

ˎ 94ʶ2 	90ƃ98
 77ʶ2 	71ƃ82
 92ʶ1 	90ƃ94
 ʻ001
)3	CFBUTNJO

ˎ 243ʶ15 	216ƃ270
 248ʶ20 	221ƃ297
 246ʶ20 	219ƃ279
 OT
)DU	
 44ʶ1 	43ƃ48
 52ʶ2 	48ƃ56
 46ʶ2 	42ƃ50
 ʻ001
#8	H
 528ʶ25 	480ƃ560
 487ʶ24 	460ƃ525
 553ʶ25 	515ƃ595
 ʻ001
5-	NN
 440ʶ07 	424ƃ449
 431ʶ10 	418ƃ450
 448ʶ11 	425ƃ464
 ʻ001
37#8	NHH
 047ʶ006 	037ƃ055
 082ʶ012 	064ƃ110
 055ʶ004 	050ƃ063
 ʻ001
37-7 025ʶ003 	017ƃ030
 050ʶ008 	041ƃ067
 031ʶ002 	024ƃ035
 ʻ001
┐┩┪┸ⓤ┺┩┲┸┶┭┧┹┰┥┶ⓤ┫┩┳┱┩┸┶┽
-7%E5-	DNN
 200ʶ08 	188ƃ216
 173ʶ07 	160ƃ181
 197ʶ09 	183ƃ207
 ʻ001
-7%B5-	DN
2N
 150ʶ14 	129ƃ179
 127ʶ06 	116ƃ135
 147ʶ14 	131ƃ178
 ʻ001
┐┩┪┸ⓤ┺┩┲┸┶┭┧┹┰┥┶ⓤ┷┽┷┸┳┰┭┧ⓤ┪┹┲┧┸┭┳┲
'4	
 40ʶ3 	35ƃ45
 40ʶ3 	35ƃ44
 43ʶ4 	38ƃ52
 ʻ005
N7DG	DJSDTFD
 40ʶ03 	35ƃ41
 39ʶ02 	34ƃ41
 43ʶ04 	35ƃ49
 ʻ005
'"$	
 61ʶ3 	54ƃ67
 64ʶ3 	58ƃ68
 52ʶ4 	45ƃ58
 ʻ001
┐┩┪┸ⓤ┺┩┲┸┶┭┧┹┰┥┶ⓤ┨┭┥┷┸┳┰┭┧ⓤ┪┹┲┧┸┭┳┲
&WFMPDJUZ	NTFD
 079ʶ006 	070ƃ088
 099ʶ007 	086ƃ116
 080ʶ005 	073ƃ093
 ʻ001
"WFMPDJUZ	NTFD
 043ʶ004 	034ƃ049
 019ʶ001 	017ƃ022
 041ʶ005 	033ƃ054
 ʻ001
&" 18ʶ01 	15ƃ20
 52ʶ02 	46ƃ55
 20ʶ03 	14ƃ28
 ʻ001
&%FDFMFSBUJPO	NTFD
2
 18ʶ1 	16ƃ20
 29ʶ2 	27ƃ33
 19ʶ3 	15ƃ27
 ʻ001
┖┭┫┬┸ⓤ┺┩┲┸┶┭┧┹┰┥┶ⓤ┳┹┸╔┳┻
1FBLWFMPDJUZ	NTFD
 086ʶ007 	072ƃ095
 073ʶ006 	060ƃ087
 085ʶ005 	079ƃ092
 ʻ001
37&5	NTFD
 86ʶ6 	78ƃ99
 104ʶ8 	89ƃ121
 93ʶ7 	82ƃ104
 ʻ001
"5	NTFD
 36ʶ3 	30ƃ41
 24ʶ2 	18ƃ26
 34ʶ3 	26ƃ39
 ʻ001
"537&5 041ʶ004 	034ƃ050
 023ʶ002 	017ƃ025
 036ʶ004 	029ƃ045
 ʻ001
ˎNFBTVSFEVOEFSBOFTUIFTJB 7BMVFTBSFNFBOTʶTUBOEBSEEFWJBUJPO 	SBOHF

/ /PSNPYJB $) $ISPOJDIZQPYJB 3/ 3FOPSNPYJB 4Q02 QFSJQIFSBMPYZHFOTBUVSBUJPO )3 IFBSUSBUF )DU IFNBUPDSJUWBMVF #8 
CPEZXFJHIU 5- UJCJBMMFOHUI 37 SJHIUWFOUSJDMFXFUXFJHIU -7 MFGUWFOUSJDMFXFUXFJHIU -7%E MFGUWFOUSJDVMBSJOUFSOBMFOEEJBTUPMJD
EJNFOTJPO -7%B MFGUWFOUSJDVMBSFOEEJBTUPMJDBSFB 5- UJCJBMMFOHUI '4 GSBDUJPOBMTIPSUFOJOH N7DG NFBOWFMPDJUZPGDJSDVNGFSFOUJBM
pCFSTIPSUFOJOH '"$ GSBDUJPOBMBSFBDIBOHF &WFMPDJUZ QFBLFBSMZpMMJOHWFMPDJUZ "WFMPDJUZ MBUFpMMJOHWFMPDJUZ &" UIFSBUJPPGFBSMZ
UPMBUF &%FDFMFSBUJPO UIFEFDFMFSBUJPOPGTMPQFPGUIFFBSMZpMMJOHXBWF "5 BDDFMFSBUJPOUJNF 37&5 SJHIUWFOUSJDVMBSFKFDUJPO
UJNF ┴ QSPCBCJMJUZWBMVFCZBOBMZTJTPGWBSJBODFXJUIPVUSFQMJDBUJPO OT OPUTJHOJpDBOU
5
Itoh et al.: Doppler echocardiographic assessment of left ventricular diastoli
Produced by The Berkeley Electronic Press, 2009HSPVQT	5BCMF 'JH "NJEEMF 'JH 

　 ┇┬┥┲┫┩┷ⓤ┳┪ⓤ┴┹┰┱┳┲┥┶┽ⓤ┦┰┳┳┨ⓤ╔┳┻ⓤ┴┥┸┸┩┶┲⓲
*OUIF$)HSPVQ QVMNPOBSZCMPPEqPXTIPXFEBNJE
TZTUPMJDEJQQBUUFSO XIJDITVHHFTUFEJODSFBTFEQVM
NPOBSZWBTDVMBSSFTJTUBODF	'JH #NJEEMF
 1FBL
WFMPDJUZ "5 BOE"537&5XFSFTNBMMFSJOUIF$)
HSPVQ XIJMF37&5XBTMPOHFSUIBOJOUIFPUIFS
HSPVQT *OUIF3/HSPVQ 37&5XBTTUJMMMPOHFSBOE
"537&5XBTTNBMMFSUIBOJOUIF/HSPVQ	5BCMF 
'JH 

%JTDVTTJPO
　 0VSNBJOpOEJOHTJOUIJTFYQFSJNFOUBSFTVNNB
SJ[FEBTGPMMPXT $ISPOJDIZQPYJDSBUTEFWFMPQFE1) 
XIJDIMFEUP37IZQFSUSPQIZ "MUIPVHI-7TZTUPMJD
GVODUJPO XBT QSFTFSWFE  UIF NJUSBM qPX QBUUFSO
TIPXFEUIFTPDBMMFESFTUSJDUJWFQBUUFSOTVHHFTUJOH-7
EJBTUPMJDEZTGVODUJPO 4VDIEJBTUPMJDEZTGVODUJPONBZ
CFDBVTFECZGVODUJPOBMBOEBOBUPNJDBMWFOUSJDVMBS
JOUFSBDUJPOBTTPDJBUFEXJUI1)BOE37IZQFSUSPQIZ 
5IFTF DIBOHFT XFSF BMNPTU DPNQMFUFMZ SFWFSTFE
UISPVHI SFOPSNPYJB GPS  XFFLT  BMUIPVHI TPNF
F⒎FDUTPGIZQPYJBQFSTJTUFEJOTFWFSBMQBSBNFUFSTPG
37IZQFSUSPQIZ	37#8 37-7
BOE1)	37&5
BOE"537&5

　 )PXEPFTWFOUSJDVMBSJOUFSBDUJPOJNQBJS-7EJB
TUPMJDGVODUJPO -PVJF┩┸ⓤ┥┰ SFQPSUFEUIBUUIFSJHIU
WFOUSJDMFDPOUJOVFEUPDPOUSBDUJOUIFFBSMZ-7EJBT
UPMF XIFO 37&5 XBT QSPMPOHFE EVF UP 1) <> 
4UPKOJD┩┸ⓤ┥┰ TIPXFEUIBU37QSFTTVSFFYDFFEFE-7
QSFTTVSFJOUIFFBSMZEJBTUPMFJO1)GPMMPXJOHQSPMPO
HBUJPOPG37&5<> $POTFRVFOUMZ UIFQSPMPOHFE
37&5JO1)DBOJNQBJSFBSMZ-7EJBTUPMJDpMMJOH 
BOEDBOCFEFTDSJCFEBTBQIBTFEFQFOEFOUWFOUSJDVMBS
JOUFSBDUJPOBTTPDJBUFEXJUIDIBOHFTJOSJHIUWFOUSJDVMBS
FKFDUJPODIBSBDUFSJTUJDT
　 5IFPUIFSJOUFSBDUJPOJTBOBUPNJDPSNFDIBOJDBM JO
XIJDIBEJMBUFEBOEIZQFSUSPQIJDSJHIUWFOUSJDMFDPN
QSFTTFTUIFMFGUWFOUSJDMFEJSFDUMZPSUIPVHIBTIJGUPG
UIFWFOUSJDVMBSTFQUVNJOUIFMJNJUFEQFSJDBSEJBMTQBDF 
*O PVS FYQFSJNFOU  UIF MFGU WFOUSJDMF JO DISPOJD
IZQPYJDSBUTJTDMFBSMZTNBMMFSUIBOJOOPSNPYJDSBUT 
'VSUIFSNPSF UIJTNBZCFBSFWFSTJCMFQSPDFTTBT
EJBTUPMJDGVODUJPOBOE-7TJ[FJOUIFSFOPSNPYJDSBUT
XFSFTJNJMBSUPUIPTFJOOPSNPYJDPOFT 4DIFOB┩┸ⓤ┥┰ 
SFQPSUFE-7EJTUPSUJPOGPMMPXJOHBTIJGUPGUIFWFO
USJDVMBSTFQUVNUPUIF-7TJEF<> XIJMF%JUUSJDI┩┸ⓤ
┥┰ TIPXFEQSPNQUEJMBUBUJPOPG-7FOEEJBTUPMJDWPM
VNFGPMMPXJOHTVSHJDBMUISPNCFDUPNZJOQBUJFOUTXJUI
$5&1)<>
　 -7 EJTUPSUJPO NBZ BMTP IBWF CFFO DBVTFE CZ
NFDIBOJTNT PUIFS UIBO NFDIBOJDBM DPNQSFTTJPO 
OBNFMZ JNQBJSFE-7QSFMPBEGPMMPXJOHEFDSFBTFE37
PVUQVUBTTPDJBUFEXJUI1) 5IF$)HSPVQOPUPOMZ
IBETNBMMFSMFGUWFOUSJDMFTCVUBMTPMPXFSCPEZXFJHIU
UIBOUIF/HSPVQ "TCPEZXFJHIUNBZCFQBSUMZ
EFQFOEFOUPODBSEJBDPVUQVU UIFTNBMMMFGUWFOUSJDMF
JO UIF $) HSPVQ DPVME SFqFDU MPX -7 QSFMPBE 
/PPUFOT┩┸ⓤ┥┰ SFQPSUFEUIBUUIFMFGUWFOUSJDMFJO1)
XBTTNBMM<> #PUIDPNQSFTTJPOGSPNUIFSJHIU
WFOUSJDMFBOEEFDSFBTFE-7QSFMPBEDBOEJTUPSUUIF
-7 'SPNFDIPDBSEJPHSBQIJDTUVEJFTCFGPSFBOEBGUFS
UISPNCFDUPNZJOQBUJFOUTXJUI$5&1) (VSVEFWBO┩┸ⓤ
┥┰ DPODMVEFEUIBUMPX-7QSFMPBEXBTUIFNBKPS
92 "DUB.FE 0LBZBNB　7PM 63 /P 2 *UPIFUBM
"
#
20
18
16
14
12
10
-7%B5-	DN2N

22
21
20
19
18
17
16
15
-7%E5-	DNN

ˎ ˎ
ˎ ˎ
(SPVQ/ (SPVQ$) (SPVQ3/
'JH　 -7%E5-	A
BOE-7%B5-	B
JOFBDIHSPVQ 5IFCBS
PGFBDIDPMVNOJOpHVSFTIPXT GSPNCPUUPNUPUPQ UIF10UI 
25UI 50UI 75UI BOE90UIQFSDFOUJMFPGFBDIHSPVQ 
ˎJOpHVSF
JOEJDBUFT┴WBMVFPGʻ001CZUIFQPTUIPDUFTU	'JTIFSʼT1-4%

6
Acta Medica Okayama, Vol. 63 [2009], Iss. 2, Art. 3
http://escholarship.lib.okayama-u.ac.jp/amo/vol63/iss2/3EFUFSNJOBOUPG-7EJTUPSUJPO<>
　 -7NZPDBSEJBMEBNBHFEVSJOHIZQPYJBNJHIUCF
BOPUIFSDBVTFPG-7EZTGVODUJPO "MUIPVHIXFEJEOPU
JOWFTUJHBUFIJTUPMPHJDBMDIBOHFTJOUIF-7NZPDBS
EJVN JSSFWFSTJCMFDIBOHFTTIPVMECFVOMJLFMZBT-7
EJBTUPMJDGVODUJPOJOUIFSFOPSNPYJBHSPVQXBTDPNQB
SBCMFUPUIBUJOOPSNPYJB "GFXTUVEJFTIBWFSFQPSUFE
UIBUIZQPYJDDPOEJUJPOTTJNJMBSUPPVSFYQFSJNFOUEJE
OPUDBVTF-7NZPDBSEJBMEBNBHF<ƃ>
　 4USJU[LF+┩┸ⓤ┥┰ SFQPSUFEUIBUDPODFOUSJDMFGUWFO
USJDVMBSIZQFSUSPQIZXBTDPNNPOJOQBUJFOUTXJUIIJHI
)DUBTBSFTVMUPGBOFMFWBUFEBGUFSMPBEBTTPDJBUFE
XJUIUIFIJHIWJTDPTJUZPGUIFCMPPEBOEJODSFBTFE
QFSJQIFSBMSFTJTUBODF<> *OPVSFYQFSJNFOU UIF
)DUXBTFMFWBUFEJOUIFIZQPYJDHSPVQ 8FEPOPU
IBWFFOPVHIEBUB TVDIBTFSZUISPQPJFUJOMFWFMPSB
DFOUSBMWFOPVTQSFTTVSF UPEPDVNFOUXIFUIFSUIFIJHI
)DUJOEJDBUFTUSVFQPMZDZUIFNJBPSJTBTTPDJBUFEXJUI
EFDSFBTFE DJSDVMBUJOH CMPPE WPMVNF  )PXFWFS  XF
CFMJFWFUIBUJUJTUSVFQPMZDZUIFNJBJOSFTQPOTFUP
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